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AROMATICS ALKYLATION PROCESS

FIELD

[0001] This invention relates to an aromatics alkylation process.

BACKGROUND

[0002] In aromatics alkylation, an aromatic compound, such as benzene, is contacted

with an olefin, such as ethylene or propylene, in the presence of a catalyst to produce an

alkylated aromatic compound, such as ethylbenzene or cumene. On a commercial scale, it is

generally necessary to pass the olefin and aromatic feeds through one or more pretreatment

units to reduce the level of certain impurities which are believed to be adsorbed by the

process catalysts, reducing their activity. Typically, such pretreatment units include one or

more adsorbent beds, conveniently composed of a molecular sieve or activated alumina,

which selectively adsorb the harmful impurities in the feed. Each adsorbent bed is cycled

between an adsorption cycle in which the bed is used to remove harmful impurities from one

or more alkylation feeds, and a reactivation cycle, in which a hot inert gas, such as nitrogen,

is passed through the bed to desorb the harmful impurities contained by the bed. Since a

single pass of the inert gas through the adsorbent bed is uneconomic, many plants use a gas

recirculation system to reduce inert gas usage.

[0003] Such gas recirculation systems typically include a compressor, heater, cooler,

chiller, and gas/liquid separator. Implicit in the design of such systems is the assumption that

condensable compounds will be present in the inert gas exiting the pretreatment unit, and that

at least a portion of the harmful impurities desorbed during each pass through the

pretreatment unit will exit the system in the liquid collected in the gas/liquid separator. The

inert gas from the separator is compressed, heated, and returned to the pretreatment unit.

Typically only a small portion of the inert gas circulation is purged, so it would be inefficient

to reject harmful impurities solely in the purge stream. One problem with this known process

is that the harmful impurities may continue to desorb long after all of the condensable

compounds have desorbed and condensed As a result, the recycled inert gas may still contain

significant quantities of harmful impurities and so may be incapable of effecting complete

reactivation of the adsorbent bed. According to the invention, this problem can be

ameliorated or overcome, by adding a condensable fluid to the inert gas effluent from the



adsorbent beds during reactivation cycles. The condensable fluid provides a medium in

which the harmful impurities can be removed in the gas/liquid separator, so that the inert gas

recycled to the absorbent bed has a much lower level of impurity than is obtained without the

addition of the condensable liquid.

SUMMARY

[0004] In one aspect, the invention resides in a process for alkylating an aromatic

hydrocarbon with an olefin, the process comprising:

(a) passing a feedstock selected from the aromatic hydrocarbon and the olefin

through a pretreatment unit containing an adsorbent such that the adsorbent removes

impurities contained by the feedstock;

(b) terminating passage of said feedstock through the pretreatment unit;

(c) passing a heated inert gas through the pretreatment unit such that the inert gas

desorbs impurities from the adsorbent to produce an inert gas effluent stream containing the

desorbed impurities;

(d) adding a condensable fluid to at least part of the inert gas effluent stream such

that at least a portion of the impurities contained therein condense with said fluid to leave a

purified inert gas stream; and

(e) recycling the purified inert gas stream to (c).

[0005] Generally, the passing (a) is conducted at a first temperature and the inert gas is

heated in (c) to a second temperature at least 50 °C higher than the first temperature.

Typically, when the feedstock is said aromatic hydrocarbon, the first temperature is from

about 100 °C to 170 °C, preferably from about 110 °C to 130 °C. When the feedstock is said

olefin, the first temperature is from about 20 °C to 100 °C, preferably from about 40 °C to 70

°C.

[0006] In one embodiment, the inert gas comprises nitrogen and the condensable fluid is

selected from ethylbenzene plant residue, cumene plant residue, ethylbenzene, cumene,

benzene, water and mixtures thereof.

[0007] Typically, the aromatic hydrocarbon comprises benzene and the olefin comprises

ethylene or propylene.

[0008] Conveniently, the impurities in said at least one feedstock are selected from

inorganic or organic compounds containing nitrogen, sulfur, phosphorus, or oxygen atoms.



[0009] Conveniently, the inert gas effluent is passed through a liquid-cooled chiller to a

gas/liquid separator where said impurities are removed with the condensed fluid. In one

embodiment, the condensable fluid is added to the inert gas stream upstream of the chiller. In

another embodiment, the condensable fluid is added to the inert gas stream downstream of

the chiller but upstream of the gas/liquid separator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figures 1 (a) and (b) are schematic diagrams of a pretreatment unit for removing

impurities from an aromatic hydrocarbon feedstock to an aromatics alkylation process.

[0011] Figure 2 is a flow diagram of the gas recirculation system of the pretreatment unit

shown in Figure 1.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] Described herein is an aromatics alkylation process in which one or both of the

olefin and aromatic hydrocarbon feedstocks are pretreated to remove harmful impurities by

passage of the feedstock through at least one pretreatment unit containing an adsorbent

effective to selectively adsorb impurities from the feedstock. The adsorbed impurities are

subsequently removed from the adsorbent by reactivation with a heated inert gas and a

condensable fluid is then added to the inert gas to assist in separation of the desorbed

impurities from the inert gas and produce a purified inert gas stream. The purified inert gas

stream is then reheated and recycled to the reactivation process.

[0013] The pretreatment process described can be used with any aromatic hydrocarbon

or olefinic feedstock to an aromatics alkylation process, but in general is intended for use in

the purification of the benzene and/or ethylene feeds to a zeolite-catalyzed process for

producing ethylbenzene or in the purification of the benzene and/or propylene feeds to a

zeolite-catalyzed process for producing cumene. Examples of such processes are disclosed

in, for example, U.S. Patent Nos. 5,334,795 and 7,868,215, the entire contents of which are

incorporated herein by reference.

[0014] Where both of the olefin and aromatic hydrocarbon feedstocks are pretreated,

separate pretreatment units are employed for each feedstock.

[0015] The adsorbents employed in the or each pretreatment unit will depend on whether

the feedstock to be treated is an olefin or an aromatic hydrocarbon and the nature of the

impurities being targeted. Typical impurities that can be prejudicial to the zeolite alkylaton



catalyst include inorganic and organic compounds containing nitrogen, sulfur, phosphorus, or

oxygen atoms. For example, particularly deleterious impurities found in commercial benzene

feedstocks include morpholine, N-formylmorpholine, n-methylpyrrolidone, diethylene glycol,

monoethanolamine, diethanolamine, and para-dioxane, whereas targeted impurities in

ethylene and propylene feeds include ammonia, dimethylformamide, dimethylamine,

acetonitrile, methanol, and ethylene glycol. Typical aromatic and olefinic feedstocks may

contain from 0.05 to 2 ppm by weight of these impurities. Suitable adsorbents for removing

these impurities are capable of reactivation and include activated alumina and molecular

sieves, such as zeolite 13X.

[0016] A single bed of adsorbent can be provided in the or each pretreatment unit or

multiple stacked beds of the same or different adsorbents can be arranged in the pretreatment

unit(s). Similarly, where a plurality of pretreatment units is arranged in series, the same or

different adsorbents can be provided in the different units.

[0017] Generally, the conditions in the or each pretreatment unit are selected such that

the adsorption of the targeted impurities is maximized without resulting in undesirable side

reactions with the feedstock. Thus, when the feedstock is an aromatic hydrocarbon, such as

benzene, the treatment temperature is from about 100 °C to 170 °C, preferably from about

110 °C to 130 °C. When the feedstock is an olefin, such as ethylene or propylene, the

treatment temperature is from about 20 °C to 100 °C, preferably from about 40 °C to 70 °C.

Under such conditions and using the adsorbents discussed above the impurity level in the

feedstock can be reduced to levels of about 0.01 to 0.1 ppm by weight.

[0018] When the adsorbent in any given pretreatment unit is spent, the unit is bypassed

and typically the feedstock is routed to a different unit. In the case of a benzene feedstock,

when the adsorbent is spent, the liquid contents of the pretreatment unit are pressured out to

the distillation train of the associated aromatics alkylation system. In the case of a spent

ethylene adsorbent, the contents of the pretreatment unit are depressured to a flare. When the

contents of the pretreatment unit have been removed, reactivation of the spent adsorbent is

initiated by passing a heated inert gas, such as nitrogen, through the adsorbent. The gas

temperature is adjusted such that the temperature of the adsorbent bed increases by 20-30 °C

per hour until a target maximum bed temperature is achieved, normally at least 50 °C higher,

such as about 50 °C to about 200 °C higher, than the temperature employed during the

adsorption step.



[0019] The hot inert gas strips the impurities from the adsorbent and the desorbed

impurities are removed from the pretreatment unit with the inert gas. After exiting the

pretreatment unit, the inert gas containing the impurities is cooled and fed to a gas/liquid

separator where impurities are removed before the inert gas is recycled to the pretreatment

unit. When the outflow from the pretreatment unit no longer contains condensable impurities

(i.e., the rate of accumulation of liquid in the gas/liquid separator drops to near zero) a

condensable fluid is added to the inert gas upstream of the gas/liquid separator so as to assist

in further condensation of impurities from the inert gas stream. Suitable condensable fluids

are selected from ethylbenzene plant residue, cumene plant residue, ethylbenzene, cumene,

benzene, water and mixtures thereof, with water being preferred.

[0020] The invention will now be more particularly described with reference to the

accompanying drawings, in which Figure 1 illustrates a pretreatment unit for removing

impurities from a benzene feedstock, whereas Figure 2 illustrates the inert gas recirculation

system associated with the pretreatment unit of Figure 1. The pretreatment unit shown in

Figure 1 cycles between an adsorption cycle, shown in Figure 1 (a), in which the unit adsorbs

impurities from a benzene hydrocarbon feedstock, and a reactivation cycle shown in Figure 1

(b), in which impurities adsorbed during the previous adsorption cycle are removed..

[0021] In particular, as shown in Figure 1 (a), during each adsorption cycle, fresh

benzene, containing impurities, is pumped from a feed tank 1 1 via a drying column 12 to a

pretreatment unit 13. The unit 13 contains a bed 14 of an adsorbent, which is maintained at a

first temperature of about 110 to 130 °C during each adsorption cycle. The benzene feed is

pumped into one end of the pretreatment unit 13 and flows through the adsorbent bed 14,

where at least part of the impurities are removed, before a treated benzene stream exits the

opposite end of the unit 13 through line 15.

[0022] After a predetermined amount of impurities have been taken up by the bed 14, the

adsorbent is considered spent and the supply of fresh benzene to the unit 11 is by-passed and

fed to another pretreatment unit (not shown). Then, after the bed 14 is substantially purged of

benzene, a reactivation cycle is initiated. As shown in Figures 1 (b) and 2, during each

reactivation cycle, an inert gas is compressed in a compressor 2 1 and then passed through a

heater 22 before being fed by line 23 to the pretreatment unit 13. The heated inert gas flows

through the adsorbent bed 14 countercurrent to the flow of liquid benzene through the bed

during each adsorption cycle, and increases the temperature of the bed to a second

temperature which is generally at least 50 °C higher, such as from 50 to 200 °C higher, than



the first temperature. In one embodiment, the second temperature is about 200 to 300 °C.

Under these conditions, the inert gas desorbs the impurities removed from the benzene during

the previous adsorption cycle so that a hot impurity-containing inert gas stream exits he

pretreatment unit 13 through line 24. The hot inert gas stream is then cooled in an air cooler

25 followed by a water-cooled heat exchanger 26 so that condensable compounds, including

the impurities desorbed from the bed 14, condense and separate from the inert gas. As a

result a mixed gas/liquid phase stream exits the heat exchanger 26 and is fed by line 27 to a

gas/liquid separator 28, where liquid component is removed and purged through line 29.

[0023] In order to maximize the removal of impurities in the gas/liquid separator 28,

when the production of liquid in the separator 28 has diminished to near zero, a condensable

fluid, such as water, is added to inert gas stream at one or more points between the

pretreatment unit 13 and the gas/liquid separator 28. Suitable points are shown in Figure 2

and include through line 3 1 upstream of the air cooler 25, through line 32 downstream of the

air cooler 25 but upstream of the heat exchanger 26 and through line 33 downstream of the

heat exchanger 26 but upstream of the gas/liquid separator 28.

[0024] After rejection of the condensed liquid component in the gas/liquid separator 28,

the inert gas stream, a small portion of the inert gas stream, generally less than 20 volume %

of the inert gas leaving the separator 28, is purged through line 34. The remainder of the inert

gas stream is combined with make-up inert gas, introduced through line 35, and recycled to

the compressor 21. Each reactivation cycle is continued until the adsorbent bed returns to

between about 50 and about 90 % of its initial adsorbent capacity, which typically takes from

about 8 to about 72 hours.

[0025] Although the pretreatment unit shown in the drawings is intended for removing

impurities from aromatic hydrocarbon feedstock to an aromatics alkylation process, a similar

arrangement could be used for removing impurities from the olefin component of the feed.

[0026] In practice, an aromatic alkylation plant will typically have a plurality of

pretreatment units arranged so that at least one pretreatment unit is always in adsorption

mode while other pretreatment unit(s) are in reactivation mode, thereby allowing continuous

purification of the benzene feed.

[0027] The invention will now be more particularly described with reference to the

following Example.



Example 1

[0028] A benzene feedstock is passed through a pretreatment unit containing a bed of

13X molecular sieve adsorbent operating at a temperature of 110 °C to reduce the

nitrogenous impurities in the feedstock to less 0.05 ppm by weight. After 90 days on stream,

the concentration of nitrogenous impurities exceeds the target value, and the adsorbent is

deemed spent. The supply of benzene is ceased and, after draining liquid benzene from the

pretreatment unit, a compressed and heated nitrogen stream is passed through the bed

countercurrent to the direction of flow for the adsorption cycle to increase the temperature of

the bed to 260 °C and to desorb the nitrogenous impurities from the bed. The hot impurity-

containing nitrogen stream leaving the bed is cooled first in an air cooler to a temperature of

65 °C and then to 15 °C in a chilled water-cooled heat exchanger so that condensable

compounds condense and separate from the nitrogen. The resultant mixed nitrogen/liquid

phase stream is then fed to a gas/liquid separator, where the liquid component is removed to

leave a purified nitrogen stream, which is recycled to the pretreatment unit. The reactivation

process is terminated after a period of 36 hours. A sample of the adsorbent is analyzed for

residual nitrogenous impurity content.

[0029] In separate tests the above process is repeated but in one test a liquid water

stream is added to the mixed nitrogen/liquid phase stream before the latter enters the

gas/liquid separator. The reactivation process is terminated after 36 hours and the adsorbent

is sampled and analyzed as described above. The addition of the water is found to decrease

the amount of nitrogenous impurities retained by the adsorbent following reactivation by 50%

as compared with the test without the water addition.



CLAIMS

1. A process for alkylating an aromatic hydrocarbon with an olefin, the process

comprising:

(a) passing a feedstock selected from the aromatic hydrocarbon and the olefin

through a pretreatment unit containing an adsorbent such that the adsorbent removes

impurities contained by the feedstock;

(b) terminating passage of said feedstock through the pretreatment unit;

(c) passing a heated inert gas through the pretreatment unit such that the inert gas

desorbs impurities from the adsorbent to produce an inert gas effluent stream containing the

desorbed impurities;

(d) adding a condensable fluid to at least part of the inert gas effluent stream such

that at least a portion of the impurities contained therein condense with said fluid to leave a

purified inert gas stream; and

(e) recycling the purified inert gas stream to (c).

2. The process of claim 1, wherein the passing (a) is conducted at a first temperature and

the inert gas is heated in (c) to a second temperature at least 50 °C higher than the first

temperature.

3. The process of claim 2, wherein the feedstock is said aromatic hydrocarbon and said

first temperature is from 100 °C to 170 °C.

4. The process of claim 2, wherein the feedstock is said aromatic hydrocarbon and said

first temperature is from 110 °C to 130 °C.

5. The process of claim 2, wherein the feedstock is said olefin and said first temperature

is from 20 °C to 100 °C.

6. The process of claim 2, wherein the feedstock is said olefin and said first temperature

is from 40 °C to 70 °C.



7. The process of any one of the preceding claims, wherein the inert gas comprises

nitrogen.

8. The process of any one of the preceding claims, wherein the condensable fluid is

selected from ethylbenzene plant residue, cumene plant residue, ethylbenzene, cumene,

benzene, water and mixtures thereof.

9. The process of any one of the preceding claims, wherein the aromatic hydrocarbon

feedstock comprises benzene and the olefin feedstock comprises ethylene or propylene.

10. The process of any one of the preceding claims, wherein the impurities in said at least

one feedstock are selected from inorganic or organic compounds containing nitrogen, sulfur,

phosphorus, or oxygen atoms.

11. The process of any one of the preceding claims and further comprising reacting the

aromatic hydrocarbon and the olefin in the presence of a zeolite alkylation catalyst after the

pretreatment (a).

12. The process of any one of the preceding claims, wherein the inert gas effluent stream

is passed through a liquid-cooled chiller to a gas/liquid separator where said impurities are

partially removed together with the condensed fluid.

13. The process of claim 12, wherein the condensable fluid is added to the inert gas

effluent stream upstream of the chiller.

14. The process of claim 12, wherein the condensable fluid is added to the inert gas

effluent stream downstream of the chiller but upstream of the gas/liquid separator.
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